Synthesis and photoluminescence studies of one dimensional Sm2MoO6 nanofibers derived from electrospinning process  by Mani, Kamal P. et al.
j m a t e r r e s t e c h n o l . 2 0 1 5;4(2):224–227
www.jmrt .com.br
Available online at www.sciencedirect.com
Short Communication
Synthesis  and photoluminescence  studies  of one
dimensional Sm2MoO6 nanoﬁbers  derived  from
electrospinning process
Kamal P. Mani, Vimal George, Biju P. Ramakrishnan, Cyriac Joseph ∗,
Unnikrishnan N. Viswambharan, Ittyachen M. Abraham
School of Pure & Applied Physics, Mahatma Gandhi University, Kottayam, Kerala, India
a  r  t  i  c  l  e  i  n  f  o
Article history:
Received 30 September 2014
Accepted 13 January 2015
Available online 14 February 2015
Keywords:
Sm2MoO6
Electrospinning
Nanoﬁber
Photoluminescence
a  b  s  t  r  a  c  t
A combined sol–gel and electrospinning process was employed to synthesize one-
dimensional nanoﬁbers of samarium molybdate (Sm2MoO6). X-ray diffraction (XRD),
scanning electron microscopy (SEM), photoluminescence (PL) and CIE chromaticity stud-
ies  were used to characterize the resulting samples. XRD studies revealed the formation
of  crystalline phase of nanoﬁbers on annealing. SEM analyses indicate that the ﬁbers were
of  uniform size with length of 10–100 m. Due to the efﬁcient energy transfer from host
molybdate groups to Sm3+, Sm2MoO6 phosphors show their strong characteristic emission
on  exciting the molybdate group. The emission colors of Sm2MoO6 nanoﬁbers are in the
orange red region hence suggests its potential applications in ﬂuorescent lamps and ﬁeld
emission displays (FEDs).Energy transfer
CIE
© 2015 Brazilian Metallurgical, Materials and Mining Association. Published by Elsevier
Editora Ltda. All rights reserved.
ing from the 4f electrons [4,5]. Rare earth oxide phosphors,1.  Introduction
The one dimensional inorganic luminescent nanomaterials
such as nanorods, nanobelts, nanoﬁbers, nanowires, and
nanotubes are of fundamental interest due to their fasci-
nating size dependent optical, electronic, magnetic, thermal,
mechanical, and chemical properties. From this point of view,
they ﬁnd potential applications in energy storage, fuel cells,
∗ Corresponding author.
E-mail: cyriacmgu@gmail.com (C. Joseph).
http://dx.doi.org/10.1016/j.jmrt.2015.01.005
2238-7854/© 2015 Brazilian Metallurgical, Materials and Mining Associananomedicine, molecular computing, nanophotonics, tunable
resonant devices, sensors etc. [1–3].
Among all the nanomaterials, rare earth compounds have
been widely used in the ﬁelds of high-performance lumines-
cent devices, catalysts and other functional materials based
on their electronic, optical, and chemical characteristics aris-which are currently used in the screens of ﬂat-panel displays
(FPDs), VFDs, and FEDs have gained much interest due to their
tion. Published by Elsevier Editora Ltda. All rights reserved.
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Fig. 1 – X-ray diffraction patterns for Sm2MoO6 nanoﬁbers-
as-formed precursor ﬁbers and the Sm2MoO6 nanoﬁbersj m a t e r r e s t e c h n 
etter thermal and chemical stability as well as their environ-
ental friendliness [6]. Therefore, more  attention has been
aid to the development of new rare earth oxide phosphor
aterials for their wide possible applications. Molybdates
ave been proved to be a useful host lattice for the lumi-
escence of rare earth ions to produce phosphors emitting
 variety of colors, due to the high luminescence quantum
ields observed for the f–f transitions [7].
One dimensional nanomaterials with different composi-
ions have been developed using various methods including
he chemical or physical vapor deposition, laser ablation,
olution, arc discharge, vapor-phase transport process, and a
emplate-based method. Among which electrospinning is an
ffective and simple method to obtain one dimensional rare
arth phosphors. Electrospinning generates one dimensional
aterial with diameters ranging from tens of nanometers up
o micrometers [8]. Here we chose a combination of sol–gel
rocess and electrospinning method to prepare samples.
As the most frequently used activator ions in luminescent
aterials, Sm3+ mainly shows emission in the orange–red
egion at 567 nm (4G5/2 → 6H5/2), 606 nm (4G5/2 → 6H7/2) and
49 nm (4G5/2 → 6H9/2) respectively. To the best of our knowl-
dge, one dimensional Sm2MoO6 nanoﬁbers have not been
eported until now. In this paper, we present the elec-
rospinning preparation, structural and photoluminescence
roperties of Sm2MoO6 nanoﬁbers.
.  Experimental
amples were prepared by sol–gel process and electro-
pinning. 0.05 M of samarium nitrate (Sm (NO3)3·6H2O) and
.05 M of Ammonium hepta molybdate ((NH4)6Mo7O24) were
issolved in deionized water containing citric acid as a che-
ating agent for the metal ions. The molar ratio of metal ions
o citric acid was 1:2. 9 wt.% of poly vinyl alcohol was added
o adjust the viscoelastic behavior of the solution to make
t suitable for electrospinning. The solution was stirred for
 h to obtain a homogeneous hybrid sol to be used for elec-
rospinning. The distance between the spinneret (a metallic
eedle) and collector (a grounded conductor) was ﬁxed at
6 cm and the high-voltage supply was maintained at 15 kV.
he spinning rate was controlled at 0.5 mL  h−1 by a syringe
ump. The prepared hybrid precursor samples were annealed
t 600 ◦C for 2 h in air.
.1.  Characterization
-ray diffraction patterns were collected in a 2 range of
0–60◦ with an X’Pert Pro PANalytical X-ray diffractometer (Cu
1 = 1.54 ´˚A). The microstructure, morphology and composi-
ion of the samples were investigated by means of scanning
lectron microscope (SEM) analysis. The SEM images were
btained on a JEOL 6500 instrument with an accelerating
oltage 15 kV and 20,000× Zoom. Photoluminescence mea-
urements were performed using a HORIBA, JobinYvon, Fluoro
ax-4 spectroﬂuorometer, which uses a 450 W xenon lamp as
he excitation source. All the measurements were performed
t room temperature.annealed at 600 ◦C.
3.  Results  and  discussion
3.1.  Structure  and  morphology  studies
Fig. 1 displays the XRD patterns of the as-prepared precursor
ﬁber for Sm2MoO6 and those annealed at 600 ◦C for 4 h. The
XRD pattern of the precursor phase formed by electrospinning
shows no diffraction peak except for a less intense broadband,
ascribed to the semicrystalline nature of poly vinyl alcohol
present in the sample. On annealing at 600 ◦C, the broad peak
disappears and well-deﬁned diffraction peaks appear, all of
which can be indexed to the monoclinic phase of Sm2MoO6
according to the ICDD No. 24-0997.
The morphology of the sample was investigated by SEM.
Fig. 2a and b shows the SEM micrographs of as-prepared
samples. From the SEM micrographs it can be seen that the
samples consist of uniform ﬁbers with lengths of several tens
to hundreds of micrometers. Also, the as-formed ﬁbers are
smooth with diameters ranging from 100 to 300 nm.  After
annealed at 600 ◦C, the ﬁber diameters decrease greatly due
to the decomposition of the organic species and the resulting
formation of inorganic phase as shown in the high resolution
SEM image  in Fig. 2c. The diameters of the nanoﬁbers annealed
at 600 ◦C for 4 h gets reduced to 80–150 nm.  The EDS  spectra
shown in Fig. 2d conﬁrm the presence of Sm,  Mo  and O as
constituent elements in the present sample.
3.2.  Photoluminescence  studies
The excitation spectrum of the samples was recorded by mon-
itoring the 4G5/2 → 6H7/2 emission transition of Sm3+ at 606 nm
and is shown in Fig. 3a. The spectra consists of a wide excita-
tion band ranging from 320 to 360 nm due to the excitation of
the molybdate host lattice and an excitation peak at 405 nm
due to transition of Sm3+ ions from its 6H5/2 → 4F7/2 level [9,10].
The strong charge transfer absorption band of the molybdate
group in the excitation spectrum on monitoring the emission
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Fig. 2 – SEM images of the as-formed precursor for Sm2MoO6 nanoﬁbers (a) images with low magniﬁcation and (b) high
 sammagniﬁcation: SEM and EDS patterns of the 600 ◦C annealed
transition of Sm3+ clearly suggests the efﬁcient energy transfer
from host to the Sm3+ ion.
The excitation and emission process of Sm2MoO6 under
UV radiation includes three major steps. The ﬁrst one is
absorption of UV radiation by MoO66− and is subsequently
transferred to Sm3+ ions by resonance interactions and the
ﬁnal one is the deexcitaiton process of excited Sm3+, which
yields their characteristic orange red emissions. The emission
spectrum of the sample was recorded in the range 500–750 nm
with an excitation wave  length of 340 nm and is shown in
Fig. 3b. The charge transfer band of MoO66− group located
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Fig. 3 – Photoluminescence (a) excitation and (b)ple (c) SEM image (d) EDS pattern.
in the range 320–360 nm is comparable to the energy of the
6P7/2 level of Sm3+ ion. Therefore, when excited in the charge
transfer band of MoO66−, the electrons are pumped into the
excited energy states of MoO66− and then move to the lowest
excited energy states through relaxation, followed by transfer
of energy to the 4f level of Sm3+. As there are several 4f levels
for samarium with smaller energy differences, efﬁcient non
4radiative relaxation leading to the population of the G5/2 state
which relaxes to 4G5/2 → 6H5/2(560 nm), 4G5/2 → 6H7/2(606 nm),
4G5/2 → 6H9/2(648 nm)  and 4G5/2 → 6H11/2(709 nm)  levels
through radiative transition [10]. The emission intensity
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Fig. 4 – CIE chromaticity diagram inset with luminescent
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orresponding to the transition 4G5/2 → 6H7/2 is very strong
nd it controls the emission color of the phosphor material. In
he luminescence spectra no emission from the MoO66− group
s observed suggesting that the energy transfer from MoO66−
o Sm3+ is quite efﬁcient. Fig. 4 shows the CIE chromaticity
iagram and the digital photographs of the photolumi-
escence colors for Sm2MoO6 nanoﬁber. The chromaticity
oordinate for Sm2MoO6 is found to be x = 0.58 y = 0.33, which
alls in orange–red of the CIE hue diagram.
.  Conclusions
n summary, samarium molybdate nanoﬁbers are successfully
ynthesized via electrospinning technique. The as-formed
ybrid precursor exhibits uniform ﬁber like morphology with
mooth surface. After annealing the precursors at 600 ◦C, the
amples are well crystallized with the monoclinic structure of
m2MoO6. Upon excitation into the MoO66− groups, Sm3+ ions
how their characteristic strong emissions due to an efﬁcient
6− 3+nergy transfer from the MoO6 group to Sm ions. In addi-
ion, the CIE chromaticity coordinate analysis revealed that
he emission color of the nanoﬁber is located in the orange
ed region of the CIE hue diagram. These studies indicate that0 1 5;4(2):224–227 227
electrospinning is a facile and novel route for the development
of one dimensional luminescent nanomaterials, which ﬁnds
application in many  lighting and color display devices.
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